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TBEEFFECTOF SPIN4UXOVERYRCCKETSANDTRRUSTSIMULATION 

ONTEEREK.!OTEKY ~CIW ISICICSOFAl/~-SCAI;EMDDELOF 

THE CHANCE VOUGET F 'j'U-3 AIRPLANE 

TED NO. NACA AD 3103 

By Sanger M , Buck, Jr*:, and Frederick M . Eealy 

SUMMARY 

An investigation of a l/21-scale model of the Chance Vought F7U-3 
airplane in the co&at-load- condition has been conducted in the 
Langley 20-foot free-spinning tunnel, The recovery characteristics of 
the model were determined by use of spin-recovery rockets for the erect 
and inverted spinning condition. The rockets were so placed as to pro- 
vide either a yawing or rolling moment about the model center of gravity. 
Also included in the investigation were tests to determine the effect of 
simulated engine thrust on the recovery characteristics of the model. 

On the basis of model tests, recoveries from erect and inverted 
spins were satisfactory when a yaHng moment of 22,200 foot-pounds (full 
scale) was provided against the spin by rockets attached to the wirq 
tips; the antispin yawing moment was applied for approximately 9 seconds, 
(full scale). Satisfactory recoveries were obtained from erect spins 
when a roll&q moment of 22,200 foot-pounds (full scale) was provided 
with the spin (rolls right wing down in right spin). Although the 
inverted spin was satisfactorily terminated when a rolling moment of 
equal magnitude was protided, a roll rocket was not considered to be an 
optbum spin-recovery device to effect recoveries from inverted spins 
for this airplane because of resulting gyrations during spin recovery. 
S&mila-tion of engjne thrust had no apparent effect on the spin recovery 
characteristics. 

_.- _.__ . _--. _--- ~--. _  _.- __.__ ~..._--_- I__ _~ 
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INfwODUCTION 

Military airplanes that are required to be spin demonstrated must 
be equipped with an emergency spti-recovery device in the event that 
the normal recovery technique (that is, by control movement) is not 
effective in producing a recovery0 Interest has been evidenced recently 
i-n the use of rockets as an emergency spin-recovery device. The feasi- 
bility of using rockets for recovery from the spin is indicated from 
results of several investigations conducted in the Langley 20-foot free- 
spindng tunnel (refs. 1, 2, and unpublished data). Comparison made in 
reference 2 between model and full-scale spin recoveries obtained by use 
of rockets indicated excellent agreement between model and full-scale 
test results. Therefore, at the request of the Bureau of Aeronautics, 
Department of the Navy, rocket spin-recovery tests which also included 
tests simulating the effect of engine Q&us-t; on spin recovery were con- 
ducted on a l/21-scale model of the Chance Vought l?7U-3 airplane in the 
Langley 20-foot free-spinning tunnel. 

The spin and recovery characteristics of this mcdelby control 
manipulation have been determined in a previous investigation (ref. 3). 
In the present investigation the recovery characteristics of the model 
from erect and inverted spins were determined by the application of an 
antispin yawing moment about the Z body axis of the model produced by 
rockets mounted at the win@: tips. In addition, tests were conducted on 
the model to determine the recovery characteristics when a rolling moment 
was applied about the X b&y axis by rockets mounted at the wing tips. 
Although, in the past, experience has indicated, in general, that the 
application of a moment is necessary for spin recovery, it was considered 
desirable to conduct additional tests on the model to determine what 
effect firm a rocket to &mu&&e the application of a lazge thrust, 
'such as is available from present turbojet engines, would have in effec- 
ting a spin recovery. 

SYMEOLS 

An illustration of an a-lane in a spin is sholm in figure 1; the 
positive directions of the forces and moments along and about the body 
axes are also indicated. 

X longitudinal force acting dong Xbody axis, positive for- 
ma, lb 

Y la&eral force acting along Y body axis, positive to right,, lb 

z normal force acting along Z body axis, positive downward, lb 

/  
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rolling moment acting about X body axis, positive when it 
tends to lower right wing, f-t-lb 

pitching moment acting about Y body axis, positive when It 
tends to increase angle of attack, ft-lb 

yawing moment acting about Z body axis, positive when it 
'tends to turn airplane to right, ft-lb 

rolling-moment coefficient, L/qSb 

yaw*-moment coefficient, N/qSb 

dynamic pressure, ti9 lb/ft2 
2 

wing area9 sq ft 

w% ‘Pan9 fb 

angular velocity about spin axis, radians/set 

air density, slugs/cu ft 

rate of descentJ ft/sec 

mean aerodynamic chord, in. 

ratio of distance of center of gravity rearward of leading 
edge of mesn aerodynamic chord to mean aerodynamic chord 

ratio of perpendicular distance between center of gravity 
and thrust line to mean aerodynamic chord, positive when 
center of gravity is below thrust line 

weight of airplane, lb 

acceleration due to gravity, 32,2 ft/sec2 

mass of airplane, M/g, slugs 

airplane relative-density coefficient, m/p!33 

moments of inertia about X, Y, and Z body axes, respectively, 
slug-ft2 

, 
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inertia yawing-moment parameter 

inertia rolling4noment parameter 

inertia pitching-moment psrsmeter 

angle between fuselage reference line and vertical (approx- 
imately equal to absolute value of angle of attack at plane 
of symmetry), deg 

angle of wing tilt (commonly called angle of bank; angle 
between span axis and horizontal), positive when right 
wk3.g is down, deg 

thrust of rocket, oz unle"ss otherwise indicated 

time, set 

APPARATUSANDME!I!HCDS 

Model 

The l/21-scale model of the Chance Vought F7U-3 airplane used in the 
present investigation was already available since it had been used in a 
previous spin-tunnel investigation (ref, 3). The mofZe1 was made prima- 
rily of balsa wood. A photograph of the model is sholm as figure 2, a 
three-view drawing of the model is shown as figure 3:, and a three-view 
drawing of the model as tested with the rockets installed at various 
locations is shown as figure 4, Comparison of figures 3 and 4 shows 
that a very small portion of the tail end of the fuselage had to be cut 
off in order to install a large tail rocket. The main rudders of the 
model are the large-span rudders mounted high on the vertical tails as 
shown in figures 2 and 3. Short-span auxiliary rudders are shown below 
the main rudders in figures 2 and 3. Characteristics of the airplane 
represented by the model are given in table I, 

The longitudinal and lateral control of the airplane and model is 
obtained from deflection of one set of control surfaces called ailavators. 
For simplicity, ailavator deflections for longitudinal and lateral control 
wLll be referred to, hereinafter, as elevator deflection and aileron 
deflection, respectively, The msximum control deflections as given in 

_-- _-, -_ .-_-~.----~- -,_ _-__ _-^^- _. ._~ -.- ._ -.-- ~. .-- ~-_.- ..~ -- ,- -- - 
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D table I are perpendicular to the hinge lines, These correspond to the. 
deflections currently in use on the airplane and are somewhat different 
from those used in the previous investigation (ref, 3)0 

, 
Model Rockets 

The Langley Model Propulsion Section of the Pilotless Aircraft 
Research Division designed and developed the model rockets used in the 
present investigation, The rockets are precision built and made of 
steel, These rockets are the initial results of a systematic program 
to develop various sizes of rockets for use on dynamic spin-tunnel models. 
The only size rocket available at present delivering.its specified thrust 
is a small rocket producing 3 ounces of thrust for 2 seconds. The magni- 
tu&e and duration of the rocket thrust for several of these m&e1 rockets 
axe sholm in figure 5e 1-b should be noted that the magnitude of the 
rocket thrust and the time of the rocket firings are fairly similar and 
thus indicate good repeatability of firings. This particular size rocket 
has been used satisfactorily in previous spin-tunnel investigations (for 
example, ref. 2) D Based on the test altitude (15,000 feet) and scale 
of the model used in the‘present investigation, thethrustofthis small 
rocket is equivalent to 1,094 pounds of thrust, full scale, and the cor- 
responding full-scale thrust duration is about 9 seconds. A diagrsmmatic 
sketch of this rocket and the electrical circuit is shown in figure 6, 
A more detailed description of this rocket is given in reference 2. 

At present a model rocket large enough to simulate the full-scale 
thrust of the engine and afterburner of the subject airplane in spinning 
attitudes is not available. Royever, in order to approximate the thrust 
of the airplane a large intermediate rocket was used, A photograph of 
this rocket mounted on the thrust-measuring apparatus is shown in fig- 
ure To The magnitude and duration of the rocket thrust for two of the 
large intermediate rockets as sholm in figure 8 indicate good repeata- 
bility of firings, The average value of the thrust appears to be about 
10 ounces for about 5 seconds; based on the test altitude and scale of 
the model, this value corresponds to full-scale values of about 3964~ 
pounds for 23 seconds. Information received from Chance Vought Aircraft, 
Pnc, J indicates that the total thrust of the two engines of the airplane 
including afterburners that should have been simulated on the spin model 
was estima-f;ed to be 6,500 pounds at 15,000 feet, the altitude simulated 
for the present tests, (It should be noted that, although the combined 
static-thrust ratings of the two engines without afterburners indicated 
in table I is l.2,000 pods, 

attitudes a;na altitudes.) 
the thrust is considerably less at spinning 

~. --~ ._ ___.. ~--- 
___ _ _ _--em---. ._.  .  
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Wind-Tunnel and Testing Technique 

The tests of the dynamic model were conducted in the Langley 20-foot 
free-spinning tunnel, the operation of which is generally similar to that 
of the Langley 15-foot free-spinning tunnel which is described in refer- 
ence 4 except that the technique in launching the model has been changed. 
With the controls set in the desired position, the model is now launched 
by hand with rotation into the vertically rising airstream. After a 
number of turns in the established spin, recovery is normally attempted 
by movement of one or more controls by means of a remote-control mechan- 
ism installed in the model. After recovery the model dives into a safety 
net. For the current investigation, the remote-control mechanism was 
used only to activate the rockets. 

For the rocket spin-recovery tests, the controls on the model were 
set in such a manner as to be very conducive to maintaining the spin 
since an emergency spin-recovery device must effect a recovery regardless 
of the position of the controls, In order to attempt a spin recovery, 
the rockets were fired while the controls remained fixed; thus, the 
recovery was due entirely to the action of the rockets, Each test gen- 
erally was made at least twice as a check on the results. The turns for 
recovery were measured from the time the rocket was fired to the time the 
spin rotation ceased. Recovery characteristics of the model were con- 

sidered satisfactory if recovery from the spin occurred in 2r turns or 4 
less. This criterion was used on the basis of a correlation of available 
full-scale airplane spin-recovery data and corresponding model test 
results. The results of the present investigation have been converted 
to corresponding full-scale values by methods described in reference 4. 
When the moments produqed by the rockets were converted to coefficient 
form, the density at the spin-test altitude and the rate of descent of 
the model in the steady-spin condition were used. 

TEST CONDITIONS 

As a result of installing rockets on the model, it was not possible 
to ballast the m&e1 so as to obtain the exact scaled-down individual 
moments of inertia of the airplane without rockets at the desired simu- 
latea test altitude of 15,000 feet (p = 0.~1496 slug/cu ft); however, 
it was possible to make the moment-of-inertia differences of the model 
approximately the same as the scaled-down moment-of-inertia differences 
of the airplane. Brief tests were made in order to determine whether 
the differences between model and airplane (scaled-down) individual 
moments of inertias, the addition of the rockets, and the cha,nges in con- 
trol deflections would appreciably affect the sp5rming characteristics of 

-_--~ ..- 
____ _ __ __-l______ -_~ _ 
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the model from those presented in reference 3e The mass characteristics 
and inertia parameters for the co&at-loading condition of the airplane 
and the corresponding loading condition investigated on the model are 
shopm in table II. All tests were conducted with the model in the clean 
condition (cockpit ClosedJ flaps neutral, and -ding gear retracted). 
The control settings used for the erect spinning condition of the model 
were as follows: main rudders full with the spin, auxiliary rudders full 
with the spin, ailerons one-third against the spin (stick left in a right 
spti), and elevator i3~0-thiras up. For the inverted spins to the pilot's 
right, the following control configuration was chosen: main rudders full 
with the spin (right pedal forward for a spin to pilot's right), auxiliary 
rudders full with the spin, ailerons full against the spin or controls 
together (stick full right in an inverted spin to pilpt's right), and 
elevator full dolm with respect to the ground (stick full back). (When 
the controls are together in the developed inverted spin, the ailerons 
uppose the rolling motion,) 

Yaw Rockets 

For the erect and inverted-spin conditions where an antispin yawing 
moment was applied to the model, the small rockets (3 ounces for 2 sec- 
onds) were mounted on the wing tips so that the thrust of the rockets was 
perpendicular to the Z body axis of the model and‘thus applied a yawing 
moment about this axis. Only the rocket on the outboard wing tip (right 
wing tip for left spin) was fired, thrust rearward; this condition applied 
an antispin yawing moment equal to 22,200 f 00t-pounds, frill scale 
(Cn = 0.021)* 

Roll Rockets 

A rolling moment was applied about the X body axis of the model for 
both the erect and inverted-spin conditions by mounting the small rockets 
at the xing tips with the rocket thrust perpendicular to the wing-chord 
plane. Only the roll rocket on the outboad wing tip was fired, thrust . 
up; thus, a pro-spin rolling moment equal to 22,200 foot-pounds, full 
scale (rolling-moment coefficient = 0.021) was provided. 

Thrust Simulation Rockets 

Although the full-scale airplane has two jet engines mounted side by 
side in the fuselage with separate exhausts, it was decided because of 
practical considerations to simulate the engine thrust with a single large 
intermediate rocket. Although two large rockets would have more closely 
approximated the total engine t&rust, mass and space Umitations restricted 
the installation to one rocket. Therefore, a large titermediate model 

__ _---~ .._ .~ - -- _-_ ._.-__-- - -- __ ~_ ~. 
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rocket which provided a thrust equal-to 3964~ pounds for 23 seconds (full- 
scale values) was mounted in the tail of the model with the line of thrust 
passing through the model center of gravity. Tests simulating the engine 
thrust were conducted on the model only in the erect spinning condition. 

PRECISION 

Model 

The spin-tunnel results presented herein are believed to be the true 
values for the model within the following limits: 

When obtained from motion-picture records o 0 0 D D 0 ., 0 o 0 *l/4 
When obtained by visual estima.te 0 D D 0 0 D D D 0 0 o 0 D o %/2 

Comparison between model and full-scale restits in reference 5 i&i- 
cated that model te;sts satisfactorily predicted full-scale recovery char- 
acteristics by rudder reversal approximately 90 percent of the time and 
that, for the remaining 10 percent of the time, the model results were of 
value in predicting some of the details of the full-scale spins, The 
airplanes generally spun at an angle of attack closer to 450 than did the 
corresponding models, The comparison presented in reference 5 also indi- 
cated -&a% generally the airplane spun with the inner wing tilted more 
downward and with a greater altitude loss per revolution than aid the 
corresponding model, although the higher rate of descent was found to be 
generally associated dth the smaller angle of attack regardless of 
whether it was for the model or the airplane. 

Because it is impracticable to ballast the model exactly and because 
of inadvertent damage to the model during tests, the measured weight and 
mass distribution of the model varied from the original model values by 
the following amounts: 

Weight, percent 0 0 0 D 0 0 0 e 0 e o 0 D 0 0 0 ., 0 0 0 0 o 0 0 
Center-of-gravity location, percent F 0 o 0 0 .D 0 0 0 D 0 0 0 1 f0rwa;ra 
Moments of inertia: 

Ix9 percent 0 0 0 0 0 0 0 D 0 0 a D 0 0 0 0 D 0 0 0 o 0 1 high 
Iy9 percent 0 0 o 0 D 0 0 0 0 0 0 0 0 0 D D 0 o 0 0 o D 1 low 
I&:, percent o 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 D 0 0 0 D D 1 high 

_-__ ~~~ ~. - ._.~_.._~. ~_. -. .-.- _. .._._. _- 
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The accuracy of measuring the weight and mass distribution of the 
model is believed to be within the following limits: 

Weight, percent O O O O O ., O O O O O O ., O ., O D O D o D D D D O O tl 
Center-of-gravity location, percent 5 0 D 0 o 0 0 o 0 0 0 0 0 D 0 0 tl 
Moments of inertia, percent o 0 ., 0 o o ., ., o o o o 0 O‘O 0 0 0 o 0 25 

Controls were set with an accuracy of f,l", 

RESULTS AND DIScuSSION 

The results for right and left spins were fairly similar; the film 
strips of the model motion (figs. 9 to l-2) arbitrarily show the model 
spinning to the left. The model data are presented in terms of the full- 
scale values for the corresponding airplane. The results of the previous 
investigation (ref. 3) indicated that for the control settings similar 
to those used herein for the erect condition the model spun in an oscil- 
latory manner at a rather flat attitude, For the inverted-spin condition 
with the control settings similar to those used for the present investi- 
gation, the results presented in reference 3 indicated the model spun 
steadily in a rather flat attitude. Results of brief tests made to 
detetie whether changes made to the model for the present investigation 
(incurred primsrily by the rocket installations) would appreciably affect, 
its spWng characteristics indicated that the spin characteristics of 
the model were generally similar to those obtained previously (ref, 3) 
except that the erect spin was now slightly steeper. It thus appears 
that the spinning characteristics of the model were not affected appreci- 
ably by the changes made on the model. 

Yaw Rockets 

Erect spins,- Model results for the erect spins show& that, when 
the rocket on the outboard wing tip was fired so that an antispin yawing 
moment of 22,200 foot-pounds (full scale} or a C, of 0.021 was provided, 
rapid recoveries ranging from l/4 to 3/4 turns were obtained. The tran- 
sition from the erect spinning condition to the recovery dive generally 
was smooth in that after the rocket was fired the rotation of the model 
decreased and simultaneously the model pitched down to a lower angle of 
attack. Sometimes the model began turning slightly in the other airec- 
tion after termination of the spin rotation, probably because of both 
aileron setting and rocket thrust, A film strip illustrating this motion 
for a left spin after a rocket was fired on the right wing tip of the 
model is shown in figure 9. 
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Care should be taken in determini ng the size of rockets for emer- 
gency spin recovery since a rocket that is too large may be just as bad 
for recovery as one that is too small. If the thrust of a yaw rocket is 
too large, it is possible that the airplane will stop spinning in the 
original direction with no appreciable change in pitch attitude and com- 
mence spinning in the opposite direction. This conclusion is based on 
a result reported in reference 2 where a full-scale airplane recovered 
from a spin by use of yaw rockets and then entered a spin in the opposite 
direction because of excess rocket thrust. In addition, rocket spin- 
recovery tests tionducted in the Langley 20.foot free-spinning tunnel on 
a model of a fighter-type airplane (unpublished) indicated the same 
results, merefore, it appears desirable to have some means whereby the 
rocket thrust may be terminated or dumped at the will of the pilot.- 

Dwertea spins o - Rocket spin-recovery tests performed &i.le the model 
was spinning in an inverted attitude showed that satisfactory recoveries 
ranging from 3/k to 11 turns were obtained when the wing-tip rocket was 2 
fired. The transition from the developed spin to the recovery was smooth 
in that as the rate of rotation slowed down the model pitched to a steep 
attitude, After pitching to a near vertical attitude the model rolled 
in the direction of the aileron setting. A film strip depicting a recov- 
ery from an inverted spin to the pilot's left after a yaw rocket was 
fired is shown in figure 10, 

Roll Rockets 

The relative effectiveness of airplane controls in proaucing a spin 
recovery is discussed in reference 6, It was indicated in this reference 
that deflecting the ailerons with the spin so as to provide a roll- 
moment in the direction of the spin (a pro-spin rolling moment) would aid 

recoveries if the value of the inertia yawing-moment parameter Ix - IY 
nib2 

was larger than -50 x lOA Thus, although the aileron effectiveness is 
considerably reduced at the high angles of attack encountered in spinning 
attitudes, it is still sufficient to affect the recovery characteristics 
of an air-plane and it oftentimes enables recovery by aileron movement 
alone. On this basis it was decided to apply a relatively large rolling 
moment by use of rockets to the model used in the present investigation. 
Because the value of the inertia yawing-moment parameter of the model was 
greater than -50 x lOAp a pro-spin.rolling moment was applied. 

Erect spins.- When the roll rocket on the wing tip was fired for 
the erect spin condition (Cz equivalent to 0,021), satisfactory recov- 

eries ranging from 1 to l$ turns were obtained. The transition from 

_~ 
_ _ - . - . - -  - - I ^^  
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the erect spin to the recovery dive was fairly smooth in that after the 
rocket was fired the modei rolled into the spin (remaining erect at all 
times) and simultaneously pitched down to a low angle of attack, The 
ensuing motion after recovery from the spin was a roll in the direction 
of the aileron setting even though the moment being applied by the rocket 
was in the opposite direction. A film strip showing the model recovering 
from a left spin by firing a roll rocket is presented in figure IL, 

Inverted spins,- As a result of firing the roll rocket on the w 
tip for the inverted-spin condition (C2 of 0,021), a rolling moment was 
produced which rolled the model almost go0 while it simultaneously 
pitched dolm somewhat, However, it continued to rotate about the verti- 
cal spin axis for about l& turns and then commenced rolling in the direc- 4 
tion in which the rolling moment was be&g applied by the ailerons but 
opposite to the direction of the moment being applied by the rocket, As 

' the model rolled it pitched to an erect attitude because of the elevator 
setting and then continued rolling opposite to the direction of the orig- 
inalspin, The recovery was considered to have been completed when the 
model pitched erect. The recovery was considered to be satisfactory 
since the model recovered in l- turns, z Other rocket firings gave some- 

what similar results, A film strip illustrating tMs motion is shown in 
figure l2. Although the roll rocket was effective in terminating the 
inverted spin, it was not considered to be an optlmum spin-recovery 
device for effecting recoveries from inverted spins for this a&r@ane 
because of the resulting gyrations of the model during the spin recovery. 

Thrust Simulation Rockets 

Enasmuch as very few tests have been performed in the past to deter- 
mine the effect of eng%ne thrust on the spin-recovery characteristics of 
airplanes, only a few results are available. In the present investiga- 
tion only the thrust of the engine and afterburner was simulated; the 
gyroscopic effects produced by the rotating parts of the engine were not 
simulated because of practical considerations. Unpublished data, how- 
ever, indicate that the gyroscopic effects of some jet engines may be 
large enough to retard or aid spin recoveries depending on the direction 
of the spin. 

W ith the model spm in the erect condition, the large rocket in 
the tail was fired. The thrust had no apparent effect on the sj?inning 
characteristics of the model, Although these results were not considered 
to be conclusive stice the scaled-up model thrust was considerably less 
than de&red (3,640 pounds applied against 6,500 pounds desired, full 
scale), the results can be considered as a first approximation as to what 
might be expected for this particular aiPplane. 

- -- 
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Based on the results of rocket spin-recovery tests and tests simu- 
lating the effect of engine thrust on the spin recovery of a l/21-scale 
model of the Chance Vought F7TJ-3 airplane in-the clean condition at an 
equivalent altitude of 15,000 feet, the follow@ conclusions are made: 

1, Recoveries from erect and inverted spins were satisfactory when 
a yawing moment of 22,200 foot-pounds, full-scale (yawing-moment coeffi- 
cient of 0.021) was provided against the spin by rockets attached to the 
wing tips; the rocket-thrust duration used was equivalent to 9 seconds, 
full-scale. 

2. Satisfactory recoveries were obtained from erect spins when a 
rolling moment of 22,200 foot-pounds, full-scale (rolling-moment coeffi- 
cient of 0,021) was provided with the spin (rolls right wing down in 
right spin) for about 9 seconds, full-scale, Although the inverted spin 
was satisfactorily terminated when a rolling moment of equal magnitude 
was applied, a roll rocket was not considered to be an optimum spin- 
recovery device to effect recoveries from inverted spins for this air- 
plane because of resulting gyrations awing spin recovery. 

3. Simulation of engine thrust had no apparent effect on the spin- 
ning characteristics, 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., December 27, 1954. 

Sanger M. Burk, Jr. 
Aeronautical Research Scientist 

Frederick M, Heal-y 
Aeronautical Research Scientist 

Approved: 
Thomas A. Harris 

Chief of Stability Research Division 
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'PABLE I.- DlXfZNSIONAL CRARACTERISTICS~ MAXBIUM CONTROL DEFLECTIONS, 

AND POWER PLANT OF TEE CHANCE VOUGRT F7U-3 AIRPLANE 

Overall length, ft 0 0 ., o 0 ., 0 0 0 ., 0 0 0 o o 0 D D o o 0 0 0 43,79 

wing: 
Span,f-t. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 39.72 
Area,sqft oooooooooooooooooooooDoDo 535.3 
Aspect ratio ., 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ., 0 ., 0 o 0 0 D ,, 2.94 
Root chord, in. 0 0 D 0 0 0 0 0 0 0 ., 0 ., o 0 0 o ., 0 D o o 0 194.06 
Tip chord, in. 0 0 0 0 ., 0 0 0 0 0 o 0 0 0 ., 0 ., 0 0 0 o D o 0 128.57 
Mean geometric chord, in. 0 D 0 0 D 0. 0 ., 0 0 0 0 0 0 0 0 0 ., 164.22 
Leading edge mean aerodynamic chord rearward 

leading-edge root chord, in, 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 D 86,51 
Taper ratio 
Incidence (co&&&j 1 1 1 1 1 1 1 1 1 ." 1 ." 1 1 1 1 1 1 ." 1 1 

O-66 
0 

Dihedral, deg o 0 o 0 o 0 0 0 0 ., o o ., o 0 D 0 0 o D 0 0 D 0 0 
Sweepback of quarter-chord line, deg 0 6 o o ,, 0 0 ., 0 0 ., ., e 
Airfoil section o D 0 o 0 0 ., D 0 0 CVA 4-(OO)-(12) -(40)-(Ll)-(la;? 

Ailavator: 
Span, b/29 percent 0 0 0 ., ,, 0 0 0 D 00000*0*00*0Q 47-2 
Total area9 SQ ft ., 0 D 0 0 o ., 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 74.36 
Chord, percent Z ,, 0 0 o 0 0 0 ., o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28.1 

Vertical tail: 
Total area> sq ft 0 o 0 ., o D 0 0 D 
Rudder area, aft hinge line, sq ft 0 
Auxiliary rudders, sq ft o o o 0 0 o 
Aspect ratio 0 0 0 o 0 ,, 0 ., D ., 0 o 
Sweepback of quarter-chord line, deg 

0 0 0 0 0 0.0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

000000000000D 

0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0.0 0 e 0 D 0 0 

156.3 
l-209 
l-l09 
1.45 

.45 
Airfoil section D 0 o o 0 o ., 0 Q o o s o NACA 641&08,9 (modified) 

Power plant: 
Rngine designation a 0 0 ., o 0 o Westinghouse J-46-WE-8 (afterburner) 
Total static thrust for two engines (excluding 

afterburners),lb ODOOOOOOOOOODO0.0DODO~9~~ 

Normal maximum control deflections: 
Main rudders, deg ., 0 0 0 D 0 0 D 0 0 0 ., D D D 0 0 0 0 D 0 D t28,3 
Auxiliary rudders, deg o ., 0 0 0 D D 0 D 0 0 ., 0 0 D D a o o 0 f21,8 
Ailavators as ailerons, deg D D 0 0 0 D D 0 D D 0 0 0 0 0 o D t16,5 
Ailavator as elevator, deg 0 0 0 0 0 0 0 o 0 D 0 0 0 32,4 ups ll dolm 

.._~. _~.._ ~-_. _---___ ~._ .--- _ -..- 
_ ._ _.~_ _-. 

_ -~- 
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TABI II.- ?.!&S CHAHACTRRISaCS AND JNEFiTIA PARA!,fE'l'ZW FOR 'IHE 

CH!NCE VOIJGRT ???U-3 AIRF'LANS AND FOR 'IME 

L'%DINO TESTED CN 'ME 1/21SCAIZ XODEL 

bode1 valuen ar0 given cm aorreopondlng full-scale values; momenta of ineptla are given about the aenter of gravitd 

Csntsr-of-gravity Belntlve deneltg, Momsnta of inertia, 
looation P 

Mm0 paramotere 

YEht ' 

olug-feet2 

Eonding 
Xb efi S0a 

level 
.vp IX IY 1, 

Iy - I, Ig - Ix 
?E - - 

?iib= mb2 

Airplans valuoe 

Combat, landing 
g00r retracted 24,656 0.126 -0.0104 1504 244 24,097 45,161 67,228 -174 x lo-4 -183 x 10-4 357 x 10-4 

Model valueo aonverted to full scale 

Combat, lnndlng -4 
goor retracted 24,499 o.l23 -0.024 15.05 23.92 31,315 52,066 80,688 -173 x 10 -238 x 104 411 x 10-4 
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Figure l.- Illustration 
directions of forces 
airplane. 

Wind direcfion 

~-65735 .I 
of an airplane in a spin, Arrows indicate positive 
an& moments along and about the body axes of the 
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Figure 2.- Photograph of the 1/2bscaZLe model of the Chance Vought 
~-69060 

F7U-3 airplane. 
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Ailavatar hinge line 

25% chord line 

~~~~. -J: Rudder hinge line 

L Fuse. ref. line 
1. ‘to 

Figure 3.- Three-view drawing of the l/21-scale model of the Chsnce Vought 
F7U-3 airplane as tested in the Langley 26foot free-spinning tunnel. 
Dimensions are model values. Center-of-gravity position sholm is for 
the combat-loading condition. 

---_, , _..-. ___--- _. -- --. --_ 
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}- 23.20” - 

Fuse. ref. line 

Figure 4.- Three-view drating of the l/21-scale model of the Chance Vought 
F7U-3 airplane with rockets installed as tested in the Langley 20-foot 
free-spinning tunnel. Dimension is mdelvdue. 

_~~ _- __ _ __-__. -_ _ - --- ___ ~_ __.. -. __ . ~.----~~ _ II---- 
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Time, t, set 

Figure 5.- Variation of thrust of small model rocket with time for several 
rocket tests showing repeatability of firings. 

. 



Figure 6.- Sketch of small model . _ rocket showing the various parts including 
the electricd circuit. 



~-86732 
Figure 7.- Photograph of the large intermediate model rocket (shown mounted 

on a test stand) used to simulate the effect of thrust on the l/21-scale 
model of the Chance Vought F7U-3 airplane. 
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Figure 8.- Variation of thrust of large intermediate model-rocket with 
time for two rocket tests showing repeatability of firings. 
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~-87512 
Figure 9-- Typicd motion of the l/21-scale model of the Chance Vought 

F7U-3 airplane recovering from a left erect spin by firing a yaw 
rocket on the outboard wing tip. Film speed, 64 frames per second. 
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Figure g*- Concluded. 
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L-87514 
Figure lO.- Typical motion of the l/21-scale model of the Chance Vought 

F7U-3 airplane recovering from an inverted spin to the pilot's left 
by firing a yaw rocket on the outboard wing tip,, Film speed, 64 frames 
per second. 
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